Instabilities of one- and two-dimensional degenerate atomic Fermi gas
  against a long-wave perturbation in optical lattice by Manakova, L. A.
ar
X
iv
:c
on
d-
m
at
/0
31
14
40
v1
  [
co
nd
-m
at.
so
ft]
  1
9 N
ov
 20
03
Instabilities of one- and two-dimensional degenerate atomi Fermi gas against a
long-wave perturbation in optial lattie.
L. A. Manakova
∗
RRC Kurhatov Institute, Kurhatov Sq. 1, 123182 Mosow, Russia
A mehanism of both formation of peaks in the density of states near the Fermi surfae and phase
instabilities of nearly ideal degenerate Fermi gas in low-dimensional optial latties is proposed.
Aording to this mehanism, peak formation is aused by the quasi-lassial quantization of the
one- and two-dimensional fermioni spetrum in the neighborhood of its extremal points under
interation with an long-wave periodial perturbation. The new spetra result in the instabilities
with respet to spontaneous formation of an equilibrium superstruture. In the one-dimensional ase
this happens for low enough numbers of fermioni atoms. As a result of suh transition, fermions
beome loalized (a transition of the metal-insulator type). In the two-dimensional system the
transition is possible for a nearly half-lled band. In this ase fermions are loalized in the wave
diretion only. It is briey disussed the possible inuene of the results obtained in the paper on the
superuid transition temperature in high anisotropi latties possessing quasi-(one,two)-dimensional
subsystems of fermioni atoms.
PACS numbers: 05.30.Fk, 32.80.Pj, 03.75.Fi
INTRODUCTION
A quantum degenerate dilute gas of fermioni
40K
atoms has been trapped and ooled down to a fration of
the Fermi temperature TF in the works [1℄, [2℄. Magneto-
optial trapping of
6Li atoms has been realized in the
work [3℄. These results enable to explore quantum degen-
erate Fermi systems with ontrolled partile interations.
In the atomi traps one an study the Fermi systems with
almost any number of partiles and interation strength.
The latter is ahieved by tuning Feshbah resonane
[4℄. Predited phenomena for an interating atomi Fer-
mi gas inlude zero sound and hydrodynami exitations
[5℄, [6℄, suppression of elasti and inelasti ollisions [1℄,
[2℄, [7℄, and the prospet of a state with pairwise orrela-
tions, analogous to Cooper pairing of eletrons (see, for
instane, [8℄, [9℄, [10℄, [11℄). Theoretial studies of the su-
perfluidlike (BCS) state have onluded that this state
will our at very low temperature and will be diffiult
to observed experimentally. In the works [12℄, [13℄, [14℄,
[15℄ there was proposed a method to detet the existene
of the BCS state by using interations of atoms with off-
resonant laser light.
However, a trapped gas of fermioni atoms that is
quantum degenerate but unondensed is interesting in
its own right. Quantum statisti radially hanges the
ollision properties, spatial profile, and off-resonant light-
sattering properties [1℄, [6℄ [16℄, [17℄. In the initial works
[2℄, [3℄ a nearly ideal Fermi gas has been produed. Sine
Fermi statistis prohibits s-wave ollisions between iden-
tial partiles, for fermioni atoms the dominant ontri-
bution must be p wave. However, the p-wave ollision
ross setion is suppressed at low temperature due to
the entrifugal barrier. The threshold energy is equal to
Eth(l = 1)≫ TF [1℄. Thus, below this energy the elasti
ollision rate in a gas of idential fermioni atoms will
rapidly vanish. A quantum-statistial suppression of s-
wave interations between idential fermions makes an
ultraold gas of fermioni atoms an exellent realization
of an ideal gas.
If one produes an atomi Fermi gas in two spin states
(that are, for example, magneti sublevels mf = 9/2 and
mf = 7/2 in the
40K f = 9/2 ground state), where both
speies are quantum degenerate, then s-wave interations
are exhibited. The emergene of quantum degeneray is
observed through measurements of the equilibrium ther-
modynami properties of the two-omponent gas [2℄. In
the work [16℄ there are presented measurements of the
equilibrium thermodynami properties and ollision dy-
namis of an interating degenerate Fermi gas in two spin
states. As is shown, Pauli bloking of ollisions ours due
to the quantum statisti. For instane, at quantum de-
generate temperatures allowed spin-exhange ollisions
an be suppressed through final-state oupation. The
speifi dynamis of both elasti and inelasti ollisions
has a deisive role for properties of an degenerate atomi
Fermi gas.
It is worth noting that a quantum degenerate gas
of fermioni atoms in optial latties is relatively un-
explored theoretially as well as experimentally. While
this situation an provide a riher spetrum of phenom-
ena arising in both interating and even ideal Fermi sys-
tem. In partilar, there appear possibilities of hanging
the dominant properties of an atomi Fermi gas that are
speified for latties only.
2. The present paper fouses on a mehanism of for-
mation of peaks in the density of states near the Fermi
surfae and phase instabilities of nearly ideal Fermi gas
in low-dimensional optial latties. The peaks and insta-
bilities are generated by a long-wave perturbation in an
optial lattie.
Aording to the mehanism proposed in what follows,
2peak formation is aused by the quasi-lassial quantiza-
tion of the one- and two-dimensional fermion spetrum
in the neighborhood of its extremal points under intera-
tion with an long-wave perturbation. Suh perturbation
an be generated either by polarization (as well as mag-
nitization) wave or by the long-wave deformation of the
optial lattie. These perturbations are produed either
by the external drive or by the long-wave flutuations of
an order parameter above the transition point. We show
that a highly nonequidistant disrete spetrum forms in
the neighborhood of the extremal points provided the
wave vetor k of a periodial perturbation satisfies the
ondition
k ≪ (g/t)1/2 ≪ 1 (1)
where g and t are the perturbation magnitude and band-
width. Near a saddle point of the spetrum of a square
lattie, the spetrum resembles a olletion of Landau
levels in a magneti field,but in ontrast to the latter
is nonequidistant. In the one-dimensional ase the spe-
trum has a logarithmi peak in the density of states at the
boundary separating the disrete spetrum from the on-
tinuous near the bottom or top of the band. In the two-
dimensional ase the spetrum generated by the long-
wave perturbation provides a flat maximum in the den-
sity of states near a saddle point. The peak widths ∼ g
is muh smaller than the bandwidth of the atomi gas.
In the both ases the spetrum results in the instabili-
ties with respet to spontaneous formation of an equilibri-
um superstruture ( or, what is the same, an equilibrium
wave of polarization, magnitization or deformation). In
one-dimensional ase this happens for a fairly low fermion
number, when µ < µc ≪ t. In the two-dimensional ase
the transition is possible only provided the Fermi energy
is exeptionally lose to a saddle point. As a result of suh
transition in the one-dimensional ase, the fermions be-
ome loalized (a transition of the metal-insulator type).
In the two-dimensional ase the fermions are loalized in
a single dimension, that should lead to a sharp anisotropy
of transport properties of the system.
In onlusion, it is disussed the possible influene of
the results obtained in the paper on the superfluid tran-
sition temperature in high anisotropi latties possessing
quasi-(one,two)-dimensional subsystems of Fermi atoms.
QUASICLASSICAL SPECTRA AND THE
DENSITIES OF STATES
1.We start with the two-dimensional ase. For a stati
wave pointing in an arbitrary hosen diretion, g(x, y) =
g cos(k1x + k2y), the Hamiltonian of the system has the
form
H = ε0(px, py)− g cos(k1x+ k2y). (2)
The shape of the spetrum hange drastially in the
neighborhood of the values pxm and pym that satisfy the
ondition
k1
∂ε0
∂px
+ k2
∂ε0
∂py
= 0, (3)
This ondition speifies the region of anomalous onden-
sation of energy values. Hene, the g(x, y) perturbation
leads near the values defined by Eq.(2) to transforma-
tion7 of a large number of levels.
For the sake of simpliity7, let us onsider a square lat-
tie with ε0(px, py) = −2t(cospx+cospy). In this ase the
ondition (3) determines, for instane, the saddle points
(0, π), (π, 0) of the spetrum. In the neighborhoodof sad-
dle points the spetrum orresponds to a nearly half-filled
band.
Near the saddle point (0, π) the Hamiltonian (2) is di-
agonalized in the new anonial variables:
q1 =
√
2k[px sinϕ− py cosϕ];
q2 =
√
2k[px sinϕ− px cosϕ];
X = k(x cosϕ+ y sinϕ);
Y = k(x cosϕ− y sinϕ),
(4)
where we introdue the angle ϕ that speifies the dire-
tion of the wave: k1 = k cosϕ, k2 = k sinϕ. A wave
along one of the prinipal axes orresponds to k2 = 0
and ϕ = 0. As a result of the transformation speified
by Eqs. (4), the Hamiltonian (2) near the saddle point
beomes
H = −4tk2(q21 − q22) cos 2ϕ− 2g cosX ; (5)
here cos 2ϕ < 0. The Shro¨dinger equation takes the form
[
(−t˜q21 + 2g cosX) + t˜q22
]
Ψ = εΨ, (6)
where t˜ = tk2 cos 2ϕ. The eigenvalues of Eq.(6) have the
form
ε(0,pi)(n, q2) = εn + t˜q
2
2 , (7)
where εn is the spetrum in the periodial potential in
the X diretion.
In the neighborhood of the seond saddle point (or,
what is the same, at cos 2ϕ > 0) the spetrum is inverted,
ε(pi,0)(n, q2) = −ε(0,pi)(n, q2). (8)
In the X diretion (or, equivalently, for eah fixed val-
ue of q2) the fermioni spetrum is determined by Math-
ieu's equation that is found from (6) by means of the
usual quantization rule, q1 → −i∂/∂X(
t˜∂2/∂X2 + 2g cosX
)
Ψq2 = εΨq2 (9)
3For ε > 2g this equation has a ontinuous spetrum.In
the region −2g < ε < 2g Eq.(9) has narrow allowed
bands. If we irnore the bandwidths, we an speak of a
disrete spetrum in wells whose number is L/2π where
L is the size of the system in the X diretion.
Provided the ondition
nc =
8
π
(
g
|t˜|
)1/2
≫ 1
is met, the number of levels in a well is large and the
disrete spetrum is speified by the Bohr-Sommerfeld
formula:
n(εn) ==
∮
dX
2π
[ 1
|t˜| (εn + 2g cosX)
]1/2
= nc
[
E(κ)− (1− κ2)K(κ)
]
;
(10)
where κ2 = (εn + 2g)/4g, K(κ) and E(κ) are omplete
ellipti integrals of the first and seond kinds. It is worth
noting that the quantity n(εn) hanges within the region
of n(εn) ≤ nc
The level separations in (10) are given by the following
expression
ω(εn) =
dεn
dn
=
πωm
2K(κ)
, ωm = 2(|t˜|g)1/2. (11)
At (g/|t˜|)1/2 ≫ 1 we have the relation ωm ≪ 2g. The
quantity ωm determines the maximum splitting of the
levels in the field of the stati wave.
The spetrum (7) with εn taken from (10) resembles
the spetrum of an eletron in a magneti field, but
branhes of the parabola go downward from q2. The sep-
aration of the εn-levels dereases rapidly as n inreases,
and above the line ε = 2g + t˜q22 the spetrum beomes
that of free two-dimensional motion.
Combining the ondition q1max =
√
g/tk2| cos 2ϕ| ≪
p1m = π/2k cos(ϕ − π/4) with the requirement that
ωm ≪ g, we arrive at the ondition for the appliabil-
ity of solutions obtained from the model (5):
k2| cos 2ϕ| ≪ g
t
≪
∣∣∣ tan(ϕ− π/4)∣∣∣. (12)
At ϕ = 0 this ondition oinides with (1), while it be-
omes muh more stringent as ϕ → π/4. As ondition
(12) implies, as ϕ grows the region of quasiloalized states
beomes narrower. We see that the region with the dis-
rete spetrum is the biggest when the wave is direted
along one of the prinipal axes (ϕ = 0 in the aboveob-
tained expressions).
2. In the one-dimensional ase with a stati wave along
the diretion of the hain, the Shro¨dinger equation near
the extremal points of the spetrum takes the form
(
− t d
2
dx2
+ 2g cos kx
)
Ψ = εΨ, (13)
where x is the oordinate along the hain. The disrete
spetrum exists within the region of −2g < ε < 2g and
is speified by the Eq.(10) with
nc =
kc
k
, kc =
8
π
(g
t
)1/2
, |t˜| = k2t, (14)
where k ≪ kc. Respetively, the level separation is giv-
en by the expression (11) with ϕ = 0 and t˜ defined in
Eq.(14). In the ontinuous spetrum region (ε > 2g)
n(ε) =
4L
π2
(g
t
)1/2
κE(κ−1). (15)
Unlike the two-dimensional ase these results refer di-
retly to a low oupany of the initial band ε0(p) =
−2t cosp. In the ase of an almost ompletely filled ini-
tial band, the quantization of the states in a periodial
potential an be obtained via transition to the hole rep-
resentation.
3. In the one-dimensional ase we arrive at the expres-
sion for the density of states in the disrete spetrum
region ombining Eqs.(10) and (14):
ρd(ε) =
kL
2π
dn
dε
=
L
π2
K(κ)
(gt)1/2
. (16)
Using Eq.(15), we obtain the density of states in the on-
tinuous spetrum region
ρcε) =
L
2π2
κ−1K(κ−1)
(gt)1/2
. (17)
As Eqs.(16) and (17) imply, there emerges a new logarith-
mi singularity at the boundary separating the disrete
and ontinuous spetra:
ρd,c(ε) ∼ ω−1m ln |1− ε/2g|−1; ε→ 2g±. (18)
Thus, near a bottom (top) of the initial one-dimensional
band the root singularity in the density of states turns
into the logarithmi one at ε → 2g. The width of the
logarithmi peak is of the order of g ≪ t.
For the two-dimensional ase the DOS has a logarith-
mi singularity on the line |ǫ| = 0 in the absene of a
long-wave perturbation in Eq.(2):
ρ0(ǫ) = ρ00 ln(
t
|ǫ| ) ρ00 =
L2
(2π)2t
. (19)
The perturbation smooths out this singularity. Indeed, if
the wave is suffiiently long [Eq. (1)℄ eletron motion is
quasilassial both in the ontinuous spetrum region and
in the region of states loalized along the wave diretion.
Hene, for an arbitrary direted wave the DOS is given
by the integral:
ρ(ǫ)
=
∫
dxdpx
2π
∫
dydpy
2π
δ[ǫ+ 2t(cos px + cos py)− 2g cos(kr)]
(20)
4Integration over momenta and along the diretion per-
pendiular to the wave diretion yields
ρ(ǫ) = (1/π)
∫ pi
0
dXρ0(ǫ + 2g cosX)
= ρ00 ln(t/g), |ǫ| < 2g,
= ρ00 ln
[ t
|ǫ| +
g2
ǫ2
]
, ǫ≫ 2g.
(21)
We see that the DOS in the layer between −2g and
2g"freezes"at the onstant level approximately ln(t/g)
high. For |ǫ| = 2g the DOS has a break in the slope.
Using Eqs.(10),(11), one an easily understand why the
density of states in (20), (21) is diretion-independent.
The reason is that as the diretion hanges, an inrease
in the number of levels nc in a well orresponds to a
derease in the number of wells that "fit"in to length L.
As a result, the dependene on diretion in the density
of states vanishes. Clearly, the density of states begins
to depend on k when k2 ≈ g/t and the quasilassial
onditions (1) and ωm ≪ g are break down.
INSTABILITIES TO FORMATION OF A
EQUILIBRIUM SUPERSTRUCTURE
Knowing the density of states, we an easy find the
thermodynami potential of the system and study the
stability of the system at T = 0. In the one-dimensional
ase the problem an be solved exatly, while in the two-
dimensional ase only with logarithmi auray.
1.We start with the one-dimensional ase. If the hem-
ial potential lies below the upper edge of the disrete
spetrum (10), −2g < µ < 2g, using Eq.(16), we ar-
rive at the following expressions for the partile number
N(µ), the thermodynamial potential Ωg(µ), and the en-
ergy E = Ω + µN (here µ is measured from the bottom
of the initial band, and the length L is assumed equal to
unity):
N(µ) =
µ∫
−2g
dερd(ε) =
k
2π
n(µ) = Nc
[
E(κ)− (1− κ2)K(κ)] ;
Ωg(µ) = −4Ec
[
(4κ2 − 2)E(κ) + (3κ2 − 2)(κ2 − 1)K(κ)] ;
Eg = Ec
[
(2κ2 − 1)E(κ) + (6κ2 − 1)(κ2 − 1)K(κ)] ;
Nc =
4
π2
(g
t
)1/2
, Ec = 2g
9
·Nc; κ2 = µ+ 2g
4g
.
(22)
If the hemial potential lies in the ontinuous spe-
trum region (µ > 2g), we have
N(µ) =
µ∫
2g
dερc(ε) = NcκE(κ
−1);
Ωg(µ) = −4Ecκ3
[
(4− 2κ−2)E(κ−1) + (κ−2 − 1)K(κ−1)] ;
Eg = Ecκ3
[
(2− κ−2)E(κ−1) + 4(1− κ−2)K(κ−1)] .
(23)
In both ases,
(
∂Ωg
∂g
)
µ
=
(3/2)Ω + µN
g
. (24)
For the sake of omparison, we give the expressions in
the ase of the unperturbed spetrum:
ρ0(µ) ∼ 1
(µt)1/2
, N0(µ) ∼
(µ
t
)1/2
,
Ω0 = −2
3
µN0 E0 =
1
3
µN0.
(25)
It is worth noting that the hemial potential µ is de-
termined by the equation
µ∫
−2g
dερd(ε) =
µ0∫
0
dερ0(ε)
or, what is the same,
π
4
(
µ0
g
)1/2
=
[
E(κ)− (1− κ2)K(κ)] ≡ fµ(κ).
At −2g ≤ µ ≤ 2g the funtion fµ(κ) monotonially in-
reases from 0 to 1. As a result, the equation for µ has
solutions under ondition (µ0/g)
1/2 ≤ (4/π).
The variations of all thermodynami quantities due to
the wave are the greatest when µ ≤ 2g and, with a fur-
ther inrease in the hemial potential, derease in the
following manner:
δN(µ) = N(µ)−N0(µ) ∼ µ−3/2;
δΩ = Ωg(µ)− Ω0 ∼ µ−1/2; δΩ ∼ δE .
(26)
It follows from Eqs.(22)-(25) that Ωg < 0 over the
entire range of g from 0 to∞. What is very important is
that for all g values the thermodynami potential Ωg is
dereasing funtion of g; i.g.,
(
∂Ωg
∂g
)
µ
< 0. (27)
Thus, the system is thermodynamially unstable
toward the growth of the amplitude of the peri-
odial perturbation.
5At g ≫ µ the thermodynami potential Ωg(µ) in
Eq.(22) dereases as −g3/2 with inreasing the ampli-
tude g. When the latter beomes large enough, the terms
proportional to g2 must take into aount in the ther-
modynami potential. These terms are generated, for in-
stane, by an interation between polarizations (or be-
tween spins) of different atoms.
2. Thus, to obtain equilibrium values of g one an write
the phenomenologial Landau funtional in the form
F = Ωg(µ, g) + αg2, (28)
where the term αg2 desribes the "rigity"of the system
against the inrease in g.
The equilibrium g¯ values are found from the ondition
for the minimum of the funtional (28), i.g., they are the
solutions of the equation
∣∣∣∣∂Ωg∂g
∣∣∣∣
g=g¯
= αg¯. (29)
Eqs. (22)-(24) imply that
|∂Ωg/∂g| ∼ g/(µt)1/2 at µ≫ g;
|∂Ωg/∂g| ∼ (g/t)1/2 at µ≪ g;
(30)
∣∣∂2Ωg/∂g2∣∣ ∼ ln |2g − µ|−1; at |µ− 2g| → 0.
The domains of g values to the right and left of the 2g = µ
point orrespond of the disrete and ontinuous spetra,
respetively. The tangent to the |∂Ωg/∂g| urve at the
zero point is
α0 =
1
π
(µt)−1/2. (31)
Solution of Eq.(29) yields the following results.
At µ > 0 and α < α0 the state with g¯ = 0 is abso-
lutely unstable with respet to spontaneous formation of
a superstruture (g¯ 6= 0). In the interval α0 < α < αc,
αc ≈ 1.14α0, the state with g¯ = 0 beome metastable;
the system still has the ground state with an equilibrium
superstruture. At αc < α < α1, where α1 ≈ 1.25α0, the
state with g¯ 6= 0 beomes metastable. Finally, at α > α1
Eq.(29) has no solutions with g¯ 6= 0.
For instane, let us write the expressions for the equi-
librium g¯ and ω¯m values in the region speified by the
onditions g1m ≫ µ > 0. Note that the ondition g¯ ≫ µ
is more strong than the ondition α < α0. Inserting
|∂Ωg/∂g| from (30) into (29), we obtain
g¯ ≈ A
2tα2
; ω¯m ∼ 1
α
, (32)
where A ∼ 1. The relationship between ω¯m and α orre-
sponds to the obvious fat, namely, inreasing the har-
ateristi level spaing favours the stability of the state
with a superstruture.
It is essential that in this state (stable or metastable),
the fermion atoms on the Fermi surfae are loalized.
This implies that that if at a fixed α values the oupany
of the band is dereased, the transition to the state with
a superstruture ours jumpwise at
µ = µc =
1
α2t
. (33)
At −2g < µ < 0, there exist the disrete levels only. In
this region the state with g¯ 6= 0 exists regardless of the
α value, and the fermions are loalized on the disrete
levels. In this sense the µ = 0 value determines the max-
imally unstable state of the system. The partile number
N
(0)
c = 0.2Nc orresponds to this state.
3. Let us now disuss instability in a two-dimensional
system. For the sake of simpliity, we assume here that
the periodial potential is along one of the prinipal
axes for the sake of simpliity. Knowing the variation
δρ = ρ−ρ0 of the density of states (19)-(21),we an easy
find the variations of thermodynami quantities. With
logarithmi auray,
δΩg ≈ δEg, δN(µ) = −µδρ(µ)
δEg ≈ ρ00g2 ln
(
t
|µ|+ 2g
)
(34)
(µ is measured from the middle of the initial band). A
derease in the total atom energy in the presene of a
wave may lead to spontanous formation of a superstru-
ture as in the one-dimensional ase. But beause δEg is
a smooth funtion of g in the two-dimensional ase, the
transition ours in a way similar to a seond-order phase
transition. Substituting (34) into the Landau funtional
(28), we arrive at the instability ondition in the form
2ρ00 ln
(
t
|µ|+ 2g
)
> α, (35)
whih met only when the α value is low enough. For
instane, when the band is half-filled, at |µ| = 0, an equi-
librium superstruture is of the sale
gc ≈ t exp(−tα), (36)
For |µ| > gc the homogeneous state is stable. In the
state with a superstruture the partiles move freely
along one axis, while along the other the motion is lo-
alized.
CONCLUDING REMARKS
1. We have found the phase states of one- and two-
dimensional Fermi gas in an optial lattie under inter-
ation with a long-wave perturbation at T = 0. The wave
vetor of the perturbation satisfies the onditions either
6(1) or (12). The existene regions of the states are de-
termined by the relations between the following parame-
ters: the amplitude of the periodial perturbation (g), the
initial band wigth t, the hemial potential value µ for
fermioni atoms, as well as the α0 value defining the tan-
gent to the ∂Ωg/∂g urve. The α0 value is determined by
Eq.(31). The µ value is equivalent to the Fermi energy.
As is shown above, in the one-dimensional system the
quantum phase transition to the groung state with an
equilibrium superstruture ours for low partile num-
bers when µ < µc. The µc value is given by the expression
(33). In new state fermions are loalized at the Fermi lev-
el. In the other words, we may perform the transition to
the state with g¯ 6= 0 dereasing the partile number at a
fixed α value.
It is worth noting that dereasing the partile number
leads to inrease of the α0 value. It makes possible the
transition to the state with a superstruture at µ > µc
provided α < α0.
When N ≤ N (0)c , N (0)c = 0.2Nc, the fermioni atoms
are loalized for any values of another parameters.
In the two-dimensional system the state with an equi-
librium superstruture exists in the ase of a nearly half-
filled band. New groung state is realized under ondition
|µ| < gc (we reall that µ is measured from the middle of
the initial band). The gc value is determined in Eq.(36).
Aording to Eqs. (36), the gc value depends on t and
α exponentially. For this reason, the ondition |µ| < gc
is rather stringent, and an be satisfied for small enough
values of t and α.
In the states with g¯ = 0 the long-wave perturbation
generates the narrow peaks of the density of states near
the Fermi level, as is shown in Eqs.(16)-(18) and (21).
This may provide the essential inreasing the superfluid
temperature in very anisotropi optial latties.
2. It is well known [18℄, the main anomalous proper-
ties of the "old"superondutors with a quasi-(one,two)-
dimensional subsystems of arriers an be explained only
by assuming that near the Fermi surfae the density of
states exhibits a narrow peak apparently generated by
loseness to the strutural transition. Òhis is aused by
the essential dependene of the superonduting transi-
tion temperature on the density of states.
For a dilute fermioni gas kF |as| ≪ 1, kF is the Fermi
momentum. Thus, the Cooper pairing ours in a weak
oupling regime, and we obtain the ratio of the superfluid
(BCS) temperature Ts to the Fermi temperature TF in
the form:
Ts
TF
∼ exp
(
− π
2|as|kF
)
∼ exp
( 1
N(0)|U |
)
≪ 1,
where N(0) = mfkF /(2π
2
~
2) is the density of states
at the Fermi surfae of a noninterating gas, U =
4π~2as/mf .
Let us onsider the superfluidity of fermioni atoms
in high anisotropi optial latties possessing quasi-(one,
two)-dimensional subsystems of fermions. Under a long-
wave perturbation the peaks in the density of states ob-
tained above must give the essential ontribution into
the superfluid temperature. As a result, we have both in-
reasing the Ts value in omparison with the ase without
the perturbation and the harateristi dependene of Ts
on the Fermi level position (or, what is the same, on the
partile number in lattie).
First, we an start with the situation of nearly ideal
quasi-(one, two)-dimensional gas interating with a long-
wave perturbation of an optial lattie. In this system the
peaks of the density of states near the Fermi level are
desribed by the expressions (18) and (21). Reall that
the peak widths ∼ 2g are muh smaller than the band
width t.
Seond, we add the degenetrate fermioni gas in an an-
other spin state. In that way, there may be "swithed"the
s-sattering with negative sattering length between two
spin omponents. At t ≫ |U | Cooper pairing ours
in a weak oupling regime. In this regime the densi-
ties of states (16)-(18) and (21) enter to the Ts tem-
perature. The expressions (18) and (21) imply that the
superfluid temperature has the narrow maximum at
µ ≈ 2g in the quasi-one-dimensional ase as well as the
"smeared"maximum at −2g < µ < 2g in the quasi-two-
dimensional system.
Now let us to disuss briefly the dependene Ts(µ)
when the partile number hanges in the system.
In the quasi-one-dimensional ase fermioni atoms are
loalized at the Fermi level provided the partile num-
ber is relatively small, that is, µ < µc at a fixed α.
When the partile number inreases, and it turns out that
µ > µc, fermions are deloalized. Thus, the dieletri-
superondutor transition ours when the partile num-
ber orrespons to the relation µ = µc.
Eq.(21) implies, that in the quasi-two-dimensional ase
the Ts(µ) urve has a break in the slope at the points
µ = −2g, 2g near the Fermi energy. It is worth noting
that the state with the fermions loalized in the diretion
of the periodial potential is realized at |µ| < gc. For
this reason, the Ts(µ) temperature dereases within this
region.
Thus, both long-wave flutuations of the order param-
eter in the neighborhood of an another quantum phase
transition and long-wave perturbations of polarization
(as well as magnitization) generated by external drives
an be favourable for the superfluid state of fermioni
atoms.
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